The epithelium lining the epididymis has a pivotal role in ensuring a luminal environment that can support normal sperm maturation. Many of the individual genes that encode proteins involved in establishing the epididymal luminal fluid are well characterized. They include ion channels, ion exchangers, transporters, and solute carriers. However, the molecular mechanisms that coordinate expression of these genes and modulate their activities in response to biological stimuli are less well understood. To identify cis-regulatory elements for genes expressed in human epididymis epithelial cells, we generated genome-wide maps of open chromatin by DNase-seq. This analysis identified 33 542 epididymis-selective DNase I hypersensitive sites (DHS), which were not evident in five cell types of different lineages. Identification of genes with epididymisselective DHS at their promoters revealed gene pathways that are active in immature epididymis epithelial cells. These include processes correlating with epithelial function and also others with specific roles in the epididymis, including retinol metabolism and ascorbate and aldarate metabolism. Peaks of epididymis-selective chromatin were seen in the androgen receptor gene and the cystic fibrosis transmembrane conductance regulator (CFTR) gene, which has a critical role in regulating ion transport across the epididymis epithelium. In silico prediction of transcription factor binding sites that were overrepresented in epididymis-selective DHS identified epithelial transcription factors, including ELF5 and ELF3, the androgen receptor, Pax2, and Sox9, as components of epididymis transcriptional networks. Active genes, which are targets of each transcription factor, reveal important biological processes in the epididymis epithelium.
INTRODUCTION
The human epididymis is a tightly coiled tube that forms a critical part of the male reproductive tract. Immature sperm leaving the testis through the efferent ducts pass through the caput, corpus, and cauda of the epididymis on their way to the vas deferens and ejaculation. During this passage they mature and undergo alterations that subsequently confer the ability to swim and fertilize an egg. The epithelium that lines the epididymis plays a pivotal role in maintenance of the luminal environment, which is required for normal sperm maturation. However, relatively little is known about the molecular basis for the coordinated function in this epithelium. Here we applied techniques of open chromatin mapping to identify cis-acting elements that regulate expression of genes encoding ion channels, ion exchangers, transporters, and solute carriers, which establish and maintain the luminal environment in the epididymis.
Any disease, whether inherited or acquired, that impacts the function of the epididymis will likely impair male fertility. An example is the common genetic disease cystic fibrosis (CF), which is associated with a high rate (97%) of male infertility due to genital duct abnormalities. The cystic fibrosis transmembrane conductance regulator (CFTR) gene, which, when mutated, causes CF, encodes a cAMP-activated chloride ion channel that is expressed in the epididymis and vas deferens. Its malfunction produces an aberrant luminal environment in these tissues with resultant obstruction of the epididymis during development and frequently loss of the vas deferens. The CFTR channel interacts with many other proteins to maintain the luminal environment in the epididymis. Here we identify trans-interacting factors that are predicted to bind to cis-regulatory elements for multiple genes encoding these interacting proteins. These transcription factor networks thus coordinate the normal function of the epididymis epithelium.
The regulatory mechanisms for many individual genes that are active in the epididymis epithelium were characterized previously by classical methods (reviewed in Kirchhoff [1] ). However, other genes, particularly those that show tight celltype-specific control involving cis-acting elements that lie outside the promoter or coding region, are less well understood. These are harder to evaluate since this requires global analysis of regulatory elements in relatively small numbers of differentiated primary epithelial cells. However, techniques developed in part by the ENCODE consortium [2] , including methods to identify regions of open chromatin genome-wide such as DNase-seq (DNase I hypersensitivity mapping followed by deep sequencing [3] ), have enabled these analyses. Here we describe a genome-wide map of open chromatin in primary human fetal epididymis epithelial (HEE) cells generated by DNase-seq analysis. Though these cells do not exhibit all the differentiated functions of adult epididymis, they are nevertheless a valuable resource for many biological characteristics of the epithelium. We use bioinformatic tools to identify epididymis epithelial cell-selective regions of open chromatin and determine their distribution throughout the genome. We determine that the peaks of open chromatin are more evident at the promoters of genes that are highly expressed in epididymis cells than at inactive gene promoters. Moreover, epididymis-selective peaks of open chromatin are associated with genes involved in pathways of epithelial differentiation and function with relevance to epididymal biology. Within these peaks, predicted binding sites for some epithelial-specific transcription factors are overrepresented. Next, we illustrate the power of these data to facilitate the characterization of regulatory elements for genes that are coordinately expressed in epididymis cells, such as ion channels.
MATERIALS AND METHODS

HEE Cells
HEE cells were cultured as described previously [4] . The cell cultures were established from fetal genital ducts obtained with institutional ethical permission from mid-trimester prostaglandin-induced terminations or spontaneous abortions. Cells were passaged to generate enough material for DNase digestion (1 3 10 7 cells) and RNA extraction but were not used if they showed any sign of dedifferentiation. CFTR expression (measured by quantitative RT-PCR [5, 6] ) was used as a marker of differentiation of the HEE cells.
DNase-seq
Two DNase-seq libraries [3] were generated from three independent cultures of primary HEE cells from different donors. One DNase-seq library contained cells from a single donor, while a second DNase-seq library contained cells from two donors combined. The data from these two libraries were combined, and DNase peak calls were generated using methods described below. The DNase-seq data on five ENCODE cell types (FibroP, GM12878, K652, HepG2, and HUVEC) were generated by the ENCODE consortium [7] . All genome data coordinates refer to HG19.
DNase I Hypersensitive Sites
The peak calls for the DNase-seq data were made with the F-seq application to give a discrete number of DNase I hypersensitive sites (DHS) within the human epididymis epithelial cells [8] . These sites were determined by F-seq by fitting the data to a gamma distribution to calculate P-values. P-values below a 0.05/0.01 threshold in contiguous regions were considered significant. All DHS identified on chromosome Y were removed from the analysis to allow for comparison across both male and female cell types. After producing the number and location of DHS for these primary cells, the DHS of five nonrelated cell types were intersected with the HEE data for comparison. The five cell types included FibroP, GM12878, K562, HepG2, and HUVEC. Those sites from the HEE cells that were not overlapped by any other data sets made up the list of HEE-selective sites. The HEE sites that were overlapped by a DHS in all of the cell types composed the list of ubiquitous sites.
DHS Overlapping Gene Annotation
The genomic indices of HEE-selective DHS, ubiquitous DHS (i.e., DHS occurring in HEE cells that were overlapped by DHS from all background cell types), and all DHS were intersected with the genomic indices of all human genes, their promoters (2 kb upstream of transcriptional start sites), exons, introns, and intergenic sequence. The human gene annotation was derived from a list of all human Entrez genes downloaded from NCBI. These Entrez genes were each linked to their representative RefSeq sequences, and the RefSeq indices were downloaded from UCSC's genome browser (http://www.ncbi. nlm.nih.gov, http://genome.ucsc.edu).
In a different approach to identify RefSeq genes that were associated with HEE-selective DHS, all DHS from HEE cells and all five background cell types were individually overlapped with RefSeq genes at the base pair level (including 2 kb upstream of the TSS and 2 kb downstream of the TTS). The number of base pairs overlapping between each gene and the DHS of all cell types were tabulated. If a gene was found to overlap more total base pairs of HEE DHS than the base pair overlap count of DHS from all other cell types combined, that gene was identified as being associated with HEE-selective DHS.
Microarray Analysis
RNA was isolated by Trizol extraction from the same three primary cultures of HEE cells that were used for DNase-seq and at the same time point. Total RNA was purified by Millipore Microcon YM-100 filter centrifugation and shipped to MoGene for gene expression analysis on Nimblegen 4 3 72K HG18 60mer arrays.
DAVID Analysis
The DAVID tool can be used to read a gene list and identify within that list any statistically significant enrichment of genes from a common gene ontology (GO) term or over 40 other annotation categories, including protein-protein interactions and pathways [9, 10] . For this purpose, the human genes with HEE-selective DHS present in their promoter region were analyzed with DAVID. The background gene list used for this analysis was the same human Entrez gene list used to identify overlap between DHS and gene annotation.
Clover Analysis
The Clover application was used to search for motifs common to DHS within promoter and intergenic sequence near genes. Clover is an open-source application that identifies motifs (from an input set) that are statistically over-or underrepresented in a set of sequences with respect to a set of background sequences [11] . The promoter regions were defined as 2 kb upstream of the transcription start site of all human genes. The intergenic regions that were searched included any genomic region more than 2 kb but less then 10 kb from the start or stop of gene transcription. The set of motifs we searched for included 1422 transcription factor binding motifs from TRANS-FAC and 1316 from Jaspar [12, 13] .
Nucleosome Mapping
The positions of nucleosomes within ;230 kb spanning the CFTR locus in epididymis epithelial cells and fibroblasts was determined by BAC hybridization of mononucleosomal DNA followed by SOLiD sequencing as described previously [14] .
RESULTS
Identification of DHS Genome-Wide
Regions of open chromatin in primary human epididymis epithelial cells (HEE) were identified by mapping DHS genome-wide using DNase-seq. The F-seq application, a feature density estimator for high-throughput sequence tags [8] , was then used to analyze the sequence reads, which identified 132 545 DHS in the epididymis cells. These sites (peak signals) represent elements in the genome where multiple sequence reads aligned to a common region. Many cis-acting regulatory elements are found within DHS, so this open chromatin map can potentially identify elements controlling the expression of the majority of genes within the HEE cells. To distinguish between ubiquitous and cell-type-selective regulatory elements in HEE cells, we first subtracted DNase-seq data sets from five different cell types generated by the ENCODE consortium [2] . These included skin fibroblasts (FibroPark), a lymphoblastoid cell line (GM12878), an erythroleukemia cell line (K562), a liver carcinoma cell line (HepG2), and human umbilical vein endothelial cells (HUVEC). The genomic overlap between HEE DHS and the other five cell types is shown in Figure 1 and is around 40-50%. The slightly higher overlap between fibroblasts and HEE is probably an artifact of minor contamination of the primary epididymis epithelial cell BISCHOF ET AL.
cultures with epididymal fibroblasts [4] . The numbers of DHS in each cell type are shown in Table 1 .
Among the 132 545 HEE sites, 33 542 (25.3%) were apparently cell type selective since they did not overlap with hypersensitive sites found in any of the five other cell types, and 31 525 (23.8%) sites were ubiquitous since they intersected (at least partially) with DHS from these additional cells.
The majority (70.6%) of DHS identified in HEE cells were less than 500 base pairs (bp) in length, while the DHS that overlapped with promoter regions (2 kb upstream of a transcriptional start) were generally longer (only 21.9% were below 500 bp in length; (Supplemental Fig. S1 ; all Supplemental Data are available online at www.biolreprod.org). Inspection of the HEE DHS among different cell types identified 1564 NCBI RefSeq genes with a greater representation of promoter and coding region DHS than the five background cell types combined (Supplemental Table S1 ). Multiple genes within this list code for proteins with wellcharacterized or predicted functions in the epididymis epithelium. These include the CFTR gene; the solute carrier SLC26A7, which encodes a sulfate/anion transporter known to function in the kidney; and SLC9A4, the gene producing the NHE4, cation protein antiporter 4.
Distribution of DHS Across the Genome
The distribution of DHS among different genomic elements was determined using the following categories: promoter (2 kb of sequence 5 0 to the transcriptional start site), exon 1, intron 1, other genic, 2 kb of sequence 3 0 to the transcriptional stop site, and intergenic (Fig. 2) . For this comparison, DHS were analyzed in three different categories, including all DHS, HEEselective DHS, and ubiquitous DHS (HEE DHS overlapping with DHS from all background cell types). HEE-selective DHS are most common in other genic sites (i.e., within gene bodies [either intronic or exonic] rather that in gene promoters) and also more frequent than ubiquitous sites in intergenic regions (defined as genomic sequence located more than 2 kb from any gene). In contrast, ubiquitous sites occur more often (27.2% of ubiquitous site sequence) in promoter regions than HEEselective (2.5%) and all (1.3%) sites. A similar distribution of DHS was evident in the first exon of genes and to a lesser extent in the first introns and 2 kb downstream of genes.
Correlation of DNase-seq Data with Gene Expression
Gene expression profiles were generated for the same three cultures of primary epididymis that were used for DNase-seq. Total RNA was extracted and evaluated on Nimblegen 72K HG18 60mer microarrays. Gene expression values in HEE cells were divided into three groups-high expression (top 20%), medium expression (middle 20%), and low expression (bottom 20%)-and correlated with the DNase-seq signal. The DNase-seq Base Overlap Signal (the number of reads that align to each base pair position of the genome) was averaged between 1 kb 5 0 and 3 0 to the transcription start site of genes in each category (Fig. 3) . The most abundantly expressed genes were seen to correlate with the highest DNase-seq signal. 0 to genes; intergenic, all genomic sequence more than 2 kb from genes.
OPEN CHROMATIN IN EPIDIDYMIS EPITHELIAL CELLS
Pathways of Epithelial and Epididymal Structure and Function Revealed by HEE-Selective Promoter DHS
The DAVID [15] database was used to identify gene processes that were overrepresented in HEE cells in comparison to all human genes. Entrez Gene IDs for the 564 genes with one or more HEE-selective promoter DHS were combined in a text file for analysis, and the list of statistically significant DAVID ontologies/pathways (P , 0.05) are shown in Supplemental Table S2 . A number of the top 16 DAVID results (Table 2) are directly related to epithelial function, including cell junction (GO:0030054 and SP_PIR key words), adherens junction (GO:0005912), basolateral plasma membrane (GO:0016323), and anchoring junction (GO:0070161). Moreover, two processes with robust P-values, retinol metabolism (Kegg pathway: hsa00830; P ¼ 1.31 3 10 À5 ) and ascorbate and aldarate metabolism (Kegg pathway: hsa00053; P ¼ 9.96 3 10 À4 ), are directly related to epididymal function [16, 17] . These data confirm the power of DNase-seq to identify cell-type-specific regulatory elements associated with open chromatin in HEE cells.
HEE-Selective DHS Are Enriched for Binding Sites for Relevant Epithelial Transcription Factors
The Clover application [11] was used to search for overrepresented sequence motifs in the HEE-selective DHS within promoter and intergenic regions. We expected that this analysis would identify transcription factor binding sites utilized in HEE cells. The promoter (Supplemental Table S3 ) and intergenic (Supplemental Table S4 ) sequence motifs were each analyzed in three DHS classifications: all DHS, HEEselective DHS, and ubiquitous DHS. The comparisons between the intergenic sites are of particular interest since the representation of motifs is markedly different in the HEEselective and ubiquitous sites. The ubiquitous sites include predicted sites for 34 different HOX transcription family members, which are overrepresented on 23/23 chromosomes, while only three motifs are overrepresented on a single chromosome on HEE-selective sites. Ubiquitous sites also encompass a high frequency of CTCF-binding motifs, which are overrepresented on 23/23 chromosomes but not in HEEselective sites. This distribution of CTCF (CCCTC binding factor) sites is consistent with the pivotal role of this protein in maintaining higher-order chromatin structure [18] [19] [20] . Several overrepresented transcription factor binding sites that are evident within HEE-selective sites are biologically relevant. These include sites for the epithelial-specific E74-like factor (ets domain transcription factor) ELF5 (on 22 chromosomes) and ELF3/ESE-1 (on 21 chromosomes). ELF5 is known to regulate a number of epithelial specific genes in tissues containing glandular epithelium [21] . ELF3 is likewise thought to play an important role in epithelial cell differentiation and tumorigenesis. Another factor with a higher frequency of binding motifs predicted in HEE selective sites (on 10 chromosomes) is ets homologous factor EHF/ESE-3, which is a transcriptional repressor involved in epithelial differentiation.
Of particular relevance to the epididymis epithelium is the overrepresentation in HEE-selective sites of Pax2 (paired box 2) binding motifs (on all 23 chromosomes), the androgen receptor (AR half sites, on 20 chromosomes), and Sox9 (SRY [sex-determining region Y]-box 9, on 19 chromosomes). Pax2 plays a critical role in the development of the urogenital tract [22] , AR is functionally important in the epididymis epithelium [23] , and Sox9 is known to regulate expression of the antiMüllerian hormone gene [24] . Other factors that are observed more frequently than expected in HEE-selective sites include hepatocyte nuclear factor 1 (HNF1A/B), though, as the motifs for these factors are also present in the ''all DHS'' and ''ubiquitous DHS'' sets, their specific role in epididymal function is less clear.
Open Chromatin at Individual Genes That Are Critical to Normal Function of the Epididymis Epithelium
We examined open chromatin at two loci encoding proteins that maintain the luminal environment in the epididymis, which is critical for normal sperm maturation. First is the CFTR gene, which was studied previously in intestinal and airway epithelial cells [6, 25] but is also expressed at relatively high levels in epididymis epithelial cells [5, 6] . In these cells, peaks of open chromatin are shown by DNase-seq at the promoter, consistent with its activity, and at important enhancer elements in intron 11 [6, 26] and intron 23 [25] (Fig. 4A) . Also evident are peaks at the two enhancer-blocking insulator elements 3 0 to the locus, one at þ6.8 kb [27] that is epididymis selective and binds CTCF and a second at þ15.6 kb that does not and is evident in many cell types [28] . Peaks at À44kb and À35 kb 5 0 to the promoter are also evident in airway epithelial cells and may interact with inflammatory mediators [29] . A novel peak of epididymis-selective open chromatin that we have not observed in any other cell type to date lies in intron 20 of CFTR at chr7:117 285 528-117 285 824 (Fig. 4A, arrow) . Inspection of data generated by the ENCODE consortium [2] suggests that multiple transcription factors including c-Fos (FBJ murine osteosarcoma viral oncogene homolog), c-Jun (jun avian sarcoma virus 17 oncogene homolog), JunD, and CEBPB (CCAAT/enhancer binding protein [C/EBP], beta) bind to an element at 117 285 660, coincident with the DHS (Fig. 4B) . Moreover, the site corresponds to a sequence that is selectively 
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nucleosome depleted in epididymis epithelial cells (Fig. 4C ) [14] and is marked by enrichment of the histone modifications H3K4me1 and H3K27Ac (Fig. 4B) , consistent with an active enhancer element.
Another gene that is relevant to epididymis function is the androgen receptor (AR). Comparison of DHS across this locus shows epididymis epithelial cell-selective open chromatin (Fig.  5 marked by arrows) in several introns and a site in the 3 0 UTR that is not present in the five ENCODE lines but is also seen in human tracheal epithelial cells [30] . These regions of open chromatin likely bind critical cell-type-selective transcription factors, which warrant further investigation. Also of interest is a DHS in the first intron of AR in both epididymis and tracheal epithelial cells but not in fibroblasts. This DHS coincides with a peak of CTCF and Rad21 occupancy in ENCODE ChIP-seq data from A549 and HepG2 cells [31] . We performed ChIP for CTCF in Calu3 (high AR expression) and 16HBE14o-(no AR expression) airway cell lines and saw substantial occupancy at this site in both cell types (Fig. 5, inset panel) . Since CTCF can act as a physical barrier to interactions across the genome, it is possible that occupancy of this site plays a role in alternative splicing at the 5 0 end of AR (reviewed in Dehm and Tindall [32] ).
Comparison with Open Chromatin in Other Differentiated Epithelial Cells
Since all epithelia share some common functions, such as acting as a barrier to the external environment, in addition to organ-specific functions, it was of interest to compare the epididymal (HEE) data with those we generated previously for the airway epithelium (human tracheal epithelial [HTE] cells [30] ). The list of 1,564 NCBI RefSeq genes with a greater representation of promoter and coding region DHS in HEE cells than the five background cell types combined (Supplemental Table S1 ) was compared with the equivalent list of 974 genes from HTE cells ( [30] ; Supplemental Table S1 ). Three hundred and twenty-seven genes were found in both lists (Supplemental Table S5 ), suggesting that the method was quite powerful in identifying cell-type-selective processes in addition to those that are common to all epithelial cells. Among the genes that appear in both lists are Keratin 5 and Keratin 6A, both of which are expressed in epididymis and tracheal epithelial cells, particularly highly in the latter; SLC12A2, which mediates sodium and chloride transport and reabsorption and is expressed at similar levels in both cell types; and CLCA4, the calcium sensitive chloride channel that is highly expressed in tracheal epithelial cells but is inactive in the epididymis epithelial cells. Consistent with this divergent expression pattern, the location of open chromatin at the CLCA4 locus is different in these cell types. Examples of divergent cell-selective chromatin are shown for the chemokine CXCL1 (chemokine [C-X-C motif] ligand 1) and IRAK1BP1 (interleukin-1 receptor-associated kinase 1 binding protein 1) genes in Figure 6 . CXCL1 is highly expressed in both HEE and HTE cells but has different profiles of open chromatin in the two cell types, implicating different regulatory mechanisms/ elements for the gene. IRAK1BP1 is expressed in HEE cells but is silent in HTE cells despite open chromatin at the promoter in both cell types. A unique DHS within the first intron of the gene in HEE cells, marked by an arrow in Figure  6B , is thus a candidate for an HEE-selective intronic enhancer.
DISCUSSION
Methods to decipher transcriptional networks that establish the differentiated signature of specific cell types have the power to greatly advance our understanding of biological processes. In the context of the ENCODE project [2] , multiple techniques are now available to analyze regulatory elements genome-wide in primary cells. Though early data sets were generated on immortalized or tumor cell lines, an increasing number of primary cells relevant to human disease are now becoming available, including pancreatic islets [33] and tracheal epithelial cells [30] .
Here we generate open chromatin data on primary human epididymis epithelial cells as a resource FIG. 5 . Open chromatin at the AR locus in HEE cells identifies novel candidate cis-regulatory elements. A) HEE, fibroblast (ENCODE) and HTE [30] . Transcription factor binding site in A549 and HepG2 cells from ENCODE. CTCF/RAD21 site in intron 1 is marked by arrow. B) ChIP for CTCF shows that site marked in A is enriched for the protein in Calu3 and 16HBE14o-cells.
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to further understand the molecular basis for differentiated function of this tissue. Due to the extreme difficulty of obtaining adult human epididymis epithelial cells for these analyses, we have instead used cells cultured from human fetal tissues. Clearly, in culture these cells lack the lumicrine and endocrine signaling of the intact epididymis and hence are unlikely to recapitulate all the normal functions of the postpubertal adult human epididymis epithelium. However, these cells express the androgen receptor, and immortalized derivative cell lines [34] are responsive to R1881 synthetic androgen (data not shown). Moreover, the cells express the CFTR gene, making them an ideal model for studying early events in the pathology of CF that result in obstruction and loss of the male genital ducts [5, 6, 27] .
It is of interest to compare the gene expression profiles of the HEE cells used in the current analysis with others reported from adult rat and mouse epididymis tissues [35] [36] [37] . Due to interspecies differences and the different platforms used for the microarrays, these data sets are not directly comparable. However, several transcripts that were defined in the previous studies as being epididymis specific or differentially expressed in the epididymis are also highly expressed in HEE cells. These include clusterin (CLU), the adenosine A1 receptor (ADORA1), growth and differentiation factor 15 (GDF15), and glutathione peroxidase 3 (GPX3).
Identification of Novel Genes with a Role in the Epididymis Epithelium
Among the genes with a greater representation of promoter and coding region DHS in HEE cells alone are several that may have roles in normal function of the epididymis. These include spermatogenesis-associated proteins SPATA12, 16, 17, 18 (all but SPATA16 are expressed in HEE cells); inflammatory chemokines CXCL5 and CXCL8 (IL8), both of which are highly expressed; and the expressed potassium channel, subfamily K, member 1, KCNK1. Next, the list of genes with HEE-selective DHS was overlapped with a set of 205 genes that were shown to be androgen responsive in a human prostate epithelial cell line [38] . Of the 14 genes identified in both lists, seven were evident in both HTE and HEE cells and seven were seen only in HEE cells, including carbonic anhydrase 2 (CA2), delta/notch-like EGF repeat containing (DNER), and epiregulin (EREG), all of which are expressed in these cells.
Relevance to Genome-Wide Association Studies of Male Infertility
Many genome-wide association studies (GWAS), which aim to identify loci with direct relevance to human disease, identify high-P-value SNPs that lie within intergenic or intronic regions. These locations, which by default are usually defined as regulatory, often hamper studies that aim to reveal the molecular basis of the associations. However, the identification of cell-type-selective regions of open chromatin genome-wide can directly inform mechanistic studies [33] . Of relevance to epididymis function, we evaluated the list of intergenic SNPs that were found by GWAS to be in association (P , 1 3 10 À4 ) with male fertility traits (family size) in humans [39] . Six genes with intronic or extragenic SNPs also contained HEE-selective peaks of open chromatin. These included PCDH9, MACROD2, CNRN5, ATP10N, ANKRD18, and SLC35F4. MACROD2 (MACRO domain-containing protein 2) and ANKRD18a (ankyrin repeat domain-containing protein 18A) are not well characterized, but both are expressed in HEE cells according to our microarray data, supporting their potential role in epididymis function.
